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NOSCAFINE DERIVATIVES, USEFUL AS ANTICANCER AGENTS 

BACKGROTTNn OF THE INVRNTTn>J 

The research conducted for the presmt invention was supported in part by 
5 a grant from National Institute of Health. 

Two inaportaat events in the cell division cgrde are the duplication of the 
chromosomal DMA and the sqjarationofthe duplicated chromosomes. These events 
occur in two discrete phases: the synthetic phase (S-phase) and the mitotic phase (M- 
phase), which are separated from each other by distinct gaps in time, gap 1 (Gl) and gap 2 

10 (G2). The proper coordination of these events is achieved by checkpoint pathways that 
delay the progression of the cell cyde when proper completion of one phase is disrupted 
by physical damage or other means. Under noimal circumstances, if the extent of damage 
is irreparable, most ceUs initiate a sequence of biochemical events leading to programmed 
cell death or apoptosis. Deregulation in any one or more of these checkpoint mechanisms 

1 5 sometimes leads to genetic instability which is a primary step for a tumor to evoh^e into 
invasive malignant state. The chemotherapeutic management of various cancers is 
achieved by drugs that block either the S-phase, the M-phase, or that block regulatory or 
metaboUc pathw^ inqimging upon the ceU cyde machmery. For example, some drugs 
aflFect the fimctions or structures of DNA or RNA, others mteifere with enzymes involved 

20 m folate, purine, or pyiMdme metabolism, or the fimction of mitotic spmdles. Anti- 
mitotic drugs such as vinica akaloids and taxoids can arrest cells ia M-phase by interacting 
with mitotic spindle components, microtubules. Microtubules are one of the major 
filamentous components of the cytoskeleton, and, together with actin and intmnediate 
filaments, they organize the cellular cytoplasm. In interphase ceUs a dynamic radial array 

25 of microtubules emanates from the centrosome at the cell center. In this array, the fest 
growing and fast shrinking plus ends of microtubules project distally from the center. 
During mitoas, the duplicated centrosomes nudeate assembly of mudi more dynamic and 
more numerous polymers as they move apart to form the opposite poles of the mitotic 
spmdle. The inrareased dynamics and nunaber of microtubules enhance the chance- 

30 encounter of growing microtubules with the primary construction of the duphcated 
du-omatid pairs. Upon attaching to microtubules, diromosomes undergo a series of 
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movements eventually leading to their conversion and final assembly at the mid-plate 
during metaphase. The onset of the next event in mitosis, the anaphase, is delayed until 
each of the chromatid pairs is assembled at the metaphase mid-plate and proper tension is 
genMBted on the attached sister chromatids. 
5 Dynamic assembly or disassembly of microtubules is required for the 

morphogenesis of mitotic spindle. Accordingly, small organic molecules that modulate the 
dynamics of microtubules primarily because some of the microtubule interacting agents are 
useful for chemotherapeutic management of certain kinds of tumors. There are two 
classes of these anti-microtubule agents: those that prevent the assembly of tubulin, and 

1 0 those that promote the assembly of tubulin. A prototypic example of a potent assembly 
inhibitor is colchicme. Others are analogs of colchicine such as podophyUotoxin, MTC 
[(2-methoxy-5-(2,3,4-trimethoxyphenyl)-2,4,6-cydoheptatrien-l-one)], TCB (2,3,4- 
trimethoxy-4'-caTbomethoxy-l,l'-bipheayl) and TKB (2,3,4-trimethoxy-4'-acetyl-l,l'- 
biphenyl), and vinica akaloids. Taxol and its analogs represent a class of compounds that 

1 5 promote the assembly of microtubules. It is now clear that although all of these 

microtubule drugs prevent cell division, only a sdert few have been usefiil clinically. In 
addition, there are differences regarding the toxicity and the efficacy of these drugs for 
distinct classes of tumors. 

Applicants have discovaed that the antitussive noscapine and its 

20 derivatives are usefiil in the treatment of neoplastic diseases. Noscapine is used as an 
antitussive drug and has low toxicity in humans. Noscapme arrests mflmmai;i.,i cells at 
mitosis, causes apoptosis in cycling cells, and has potent antitumor activity. Noscapine is 
an alkaloid fi-om opium, and is readily available as a commercial byproduct in the 
commercial production of prescription opiates. Applicants have unexpectedly discovered 

25 that noscapine promotes assembly of tubulin subunits. 

BRIEF DESHRTPTTON OF THE INVPNTTHK 

Applicants have synthesized derivatives of noscapine, a known antitussive 
having low toxicity m humans, and have shown they promote assembly of tubulin subunits, 
30 a characteristic suitable for the treatment of tumours and various neoplastic diseases. 
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DRTATT.R n DESCRIPTIQN OF THE DvfVENTTQN 

The present invention relates to a pharmaceutical composition comprising a 
5 compoxmd of the formula 




wherdii: A is 

10 © (CH2)-N -C(0)0-C,^ alkyl; and W is C,^ alkyl; 

W 



15 



(ii) (CH2) 2-N - and forms a six membered ring 
Y 

witli B, said ring containing one nitrogen; 



20 



25 



Yis 

(a) Cw alkyl, or H; 

(b) C(0)-C« alkyl; 

(c) CHjCj^H-CHz-Z, wherein Z is Ci^ alkyl or 0-Cw alkyl; 

OH 

(d) arj^; or 
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(e) heterocycle; 



B is a single bond, OH or halo; 



C is - OH, -CH2- or fonns a 5-membeared lactone or lactam ring with D; and 



10 



Dis: 



CO -OH, -CH2-halo, -CH(0)-, .COOH, -0(0)^-0,^ alkyl, -(CH?)n-. 

-CHOH-, wherein n is an integer and is 1,2, or 3; or 
(ii) fonns a 5-membered lactone or lactam ring with D; 



E is -H or - CH3; and 
Fis-OHor-OCH3, 

or pharmaceutically acceptable salts thereof and a phaimaceutically acceptable carrier, 
1 5 said composition useful in the treatment of neoplastic diseases, 

with the proviso that the formula exchides noscapine of the structure 



20 




25 



In the present invention, one preferred compoimd is : 
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5 




or phannaceutically acceptable salt thereof. 

The present invention also relates to a method for the treatment of 
neoplastic diseases, comprising administering to a mammal in need of such treatment an 
effective amount of a composition comprising a compound of the fomula 




wherein: A is 

(i) (CH2)-N -C(0)0-Ci^ alkyl; and W is C,^ alkyl; 

W 

(ii) (CH2) 2-N - and forms a six mmibered ring 

Y 

with B, said ring containing one nitrogen; 
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6 



10 



15 



Yis 

(a) Cwalkyl,orH; 

(b) C(0)-CMalkyl; 



(c) CH2(jH-CH2-Z, wherein Z is C w alkyl or 0-Cm alkyl; 



OH 

(d) aryl; or 

(e) heteroqrcle; 



B i5 a single bond, OH or halo; 



C is - OH, -CHj- or forms a 5-membered lactone or lactam ring with D; and 



Dis: 



(i) -OH, -CHj-halo. .CH(0)-, -COOH, -C(0)-0-Cm alkyl, -(CHz).-, 
-CHOH-, wherein n is an intega- and is 1,2, or 3; or 

(ii) forms a S-manbered lactone or lactam ring with D; 



20 



25 



30 



E is -H or - CH3; and 
F is -OH or - OCH3, 

or phaimaceutically acceptable salts thereof, and a pharmaceutically acceptable canier, 
said composition useful in the treatment of neoplastic diseases, 
with the proviso that the formula wccludes noscapine of the structure 



N-CH3 




HjCO 



OCH, 
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In the method of the present invention, one preferred compound is 




S or phannaceutically acceptable salts thereof 

The compounds of the present invention, may have asymmetric centers and occur 
as racemates, racemic mixtures and as individual diastereomers or enantiomers, with all 
isomeric forms being included in the present invention. 

When any variable (e.g., W, Y, A, B, C, etc.) occurs more than one time in 
10 any constituent or in formula I, its definition on each occurrence is independmt of its 
definition at every other occurrence. Also, combinations of substituents and/or variables 
are permissible only if such combinations result m stable compounds. 

As used herein except where noted, "alkyl" is intended to include both 
branched- and straight-chain saturated aliphatic hydrocarbon groups having the specified 
1 5 number of carbon atoms (Me is methyl, Et is ethyl, Pr is propyl, Bu is butyl); "Halo" as 
used herein means fluoro, chloro, bromo and iodo. As used herein, with exceptions as 
noted, "aryl" is intended to mean phenyl (Ph) or naphthyl. 

The term heterocycle or heterocyclic, as used herein except where noted, 
represents a stable 5- to 7-membered mono- or bicyclic or stable 7- to 10-membered 
20 bicyclic heterocyclic ring system any ring of which may be saturated or unsaturated, and 
which consists of carbon atoms and firom one to three heteroatoms sdected from the 
group consisting of N, 0 and S, and wherein the nitrogen and sulfur hetw^oatoms may 
optionally be oxidized, and the nitrogen heteroatom may optionally be quatemized, and 
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including any bicydic group in which any of the above-defined heterocyclic rings is fiised 
to a benzene ring. The heterocyclic ring may be attached at any heteroatom or carbon 
atom which results in the creation of a stable structure. Examples of such heterocycUc 
elements include but are not limited to piperidinyl, piperazinyl, 2-oxopq)erazinyl, 2- 
5 oxopiperidinyl, 2-oxopyrrolodinyi, 2-oxoazepinyl, azepinyl, pyrrolyl, 4-piperidonyl, 
pyirolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, 
pyrazinyl, pyiimidinyl, pyridazii^l, oxazolyl, oxazolidinyl, isoxazolyl, isoxazoKdinyl, 
moipholinyl, thiazolyl, thiazolidinyl, isothiazolyl, quinudidinyi, isothiazolidinyl, indolyl, 
quinolinyl, isoqumolinyl, benzimidazolyl, thiadiazoyl, benzopyranyl, benzothiazolyl, 

10 benzorazolyl, furyi, tetrahydrofuryl, tetrahydropyranyl, thienyl, benzothienyl, 

thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, and oxadiazolyl. 

The pharmaceutically-acceptable salts of the compounds of the present 
invention (in the form of water- or oil-soluble or dispersible products) include the 
conventional non-toxic salts or the quaternary ammonhim salts which are formed, e.g., 

15 fix)m inorganic or organic acids or bases. Examples of such acid addition salts indude 
acetate, adipate, alginate, aspartate, benzenesulfonate, bisulfete, butyrate, citrate, 
camphorate, camphorsulfonate, cydopentanepropionate, dighiconate, dodecg^lsulfete, 
ethanesulfonate, fimiarate, glucoheptanoate, glycCTophosphate, hemisulfete, heptanoate, 
hexanoate, hydrochloride, hydrobromide, lydroiodide, 2-hydroxyethanesulfonate, lactate, 

20 maleaie, methansulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, pamoate, pectinate, 
persulfete, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, 
thiocyanate, tosylate, and imdecanoate. Base salts include ammonium salts, alkali metal 
salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicydohesgrlamine salts, N-methyl-D- 

25 ghjcamine, and salts with amino adds such as arginine, lysine, and so forth. Also, the basic 
nitrogen-containing groups may be quatanized with such agents as lower alkyl halides, 
such as methyl, ethyl, propyl, and butyl chloride, bromides and iodides; dialkyl sulfetes like 
dimethyl, diethyl, dibutyl; and diamyl sulfetes, long chain halides such as decyl, lamyl, 
myristyl and steaiyl chlorides, bromides and iodides, aralkyl halides like benzyl and 

30 phenethyl bromides and others. 
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9 

Synthesis of Noscapine 

Noscapine is an alkaloid occurring in abundance in the opium plants 
Papaver somniferumL. paoaveraceae . It can be extracted from the water-insoluble residue 

5 remaining from the processing of opium in the commercial synthesis of morphine. It is 
readily available comma-dally in large quantities at low cost, from e.g., Aldiich Chwnical 
Co., or Sigma Chemical Co. Noscapine can be separated from other opium alkaloids by 
the procedure according to Al-Yuhya, MA et al.. in K.Florey (Ed.) Analytical Profiles of 
Drug Substances, Vol. 11 Academic Press 1982, pp. 407-461, or Sim, S.K. '"Medicmal 

10 Plant Alkaloids," 2nd Ed. Un. Toronto Press 1970, p. 70. 

Chemical synthesis of noscapine 1 is less desirable, although feasible. See, 
for example, Heischhacker, W. et al. Chem Monthly 120. 765 (1989); Shono, T. et al. 
Tetrahedron Lett. 21, 1351 (1980). 

There are a variety of methods to synthesize noscapine. A one step 

15 synthetic reaction was published by W. H. Perkin and R. Robinson, 1 Chem, Soc. 

[London], 99, 775 (191 1). However, this method gave low yield and racemic mixtures. 
The reaction is shown as follows: 
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10 

A second method was published by Von P. Kereks and R. Bognar. J. Prakt. 
Chem. 313, 923-928 (1971). In this method, 2-(3'-methoxy-4',5'.methylenedioxy-phenyl) 
ethylamine 13 reacts withmeconine-3-carbonyl chloride 14 in benzene to gove N-(P-3- 
methoJ5'-4,5-methylenedioxyphenylethyl)-mekomne-3-carbonylamide 15 with a yidd of 
5 86.6%. Compound 15 was oydized by boiling with POCI3 for 5 hr to produce compounds 
16 and 17 with a yield of 46.7%. Compounds 16 and 17 are two isomers from cydization 
of compound 15. These two isomers are reduced by dther H2/Pt02 in acetic acid, or 
NaBH* in methanol The reduced compound 18 was methylated by boiHng with the 
mixture of HCHO and HCOOH, to produce nosc^rine 1 with a yield of 
10 20.3%. 
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The compounds of the present invention are usefbl in the treatment of tumor cells and a 
variety of cancers, including but not limited to cancer of the colon, non-small cell lung 
cancer, cancer of the brain, ovarian cancer, cancer of the kidney, cancer of the prostate, 
leukemia, breast cancer, cancer of the bladder. For most of these kinds of neoplastic 
5 diseases, applicants have tested a variety of cell lines "with noscapme, or derivatives 
thereof 

For these purposes, the conqiounds of the presoit invention may be 
administered orally, parenterally Cinduding subcutaneous injections, intravenous, 
intramuscular, intrastemal iiyection or infijaon techniques), by inhalation spray, or rectally, 

10 in dosage unit formulations containing conventional non-toxic pharmaceuticaliy-acceptable 
carriers, adjuvants and vehides. 

Thus, in accordance with the present invention there is further provided a 
method of treating and a pharmaceutical composition for treating tumor cells and related 
cancers. The treatment involves administering to a patient in need of sudi treatmait a 

15 pharmaceutical composition comprising a pharmaceutical carrier and a therapeutically 
eflfective amount of a compound of the present invention, or a pharmacaitically acceptable 
salt thereof 

These pharmaceutical compositions may be in the form of orally- 
admmistrable suspensions or tablets; nasal sprays; sterile injectable preparations, for 

20 example, as stoile iqectable aqueous or oleaginous suspensions or suppositories. 

When admmistered orally as a suspension, these compositions are prepared 
according to techniques well-known in the art of pharmaceutical formulation and may 
contain microcrystalline cellulose for imparting bulk, alginic acid or sodium alginate as a 
suspendmg agent, metiiylcellulose as a viscosity enhancer, and sweeteners/flavoring agents 

25 known in tiie art. As immediate release tablets, tiiese compositions may contain 

mia-ociystalUne cellulose, dicalcium phosphate, stardi, magnesium stearate and lactose 
and/or other srcipients, binders, ejctendffs, disintegrants, diluoits and lubricants known in 
the art. 

"When admmistered by nasal aerosol or inhalation, tiiese conipositions are 
30 prepared accorduig to techniques wdl-known m tiie art of pharmaceutical formulation and 
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may be prepared as solutions in saline, employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance bioavailability, fluorocarbons, and/or other 
solubilizing or dispersing agents kno^ in the art. 

The injectable solutions or suspensions may be formulated according to 
5 known art, using suitble non-toxic, parenterally-acceptable diluents or solvents, such as 
mannitol, lyS-butanediol, wat^, Ringer's solution or isotonic sodium chloride sohition, or 
suitable dispersing or wetdng and suspending agents, such as sterile, bland, fixed oils, 
including synthetic mono- or diglycerides, and fatty adds, including oleic add. 

When rectally administered in the form of suppositories, these compositions 
10 may be prepared by mbdng the drug with a suitable non-irritating exdpient, such as cocoa 
butter, synthetic glyceride esters or polyethylene glycols, which are solid at ordinary 
temperatures, but liquidify and/or dissolve in the rectal cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful 
in the treatment or prevention of the above-indicated conditions, with oral doses two-to- 
15 five times higher. For example, compound 4 is eflfectively treated by the administration of 
firom 10 to 50 milligrams of the compound per kilogram of body weight fi'om one to three 
times per day. It will be tmderstood, however, that the specific dose level and firequency 
of dosage for any particular patient may be varied and will depend upon a variety of 
&ctors including the activity of the specific compound employed, the metabolic stability 
20 and length of action of that compound, the age, body weight, general health, sex, diet, 
mode and time of administration, rate of excretion, drug combination, the severity of the 
particular condition, and the host undergoing therapy. 



EXAMPLE 1 

25 Synthesis of Noscapine 

Noscapme 1 was synthesized by the methods of Shono,. T. et al., 
Tetahedron Lett. 2L 1351 (1980); Hdshchacker, W, et al., Monatshefte fiir Chemie 120, 
765 (1989); Sam, J. et al., J. Pharm. Sci. 57: 1755 (1968); Al-Yuhya, MA. et al., inK 
Florey (Ed.) Analytical Profiles of Drug Substances, Vol. 1 1 Academic Press 1982, pp. 

30 407-461; Battersby, A.R. et al.. Tetrahedron Lett. H 669 (1965). It is readily available in 



wo 99/08528 



PCTAJS98/14979 



14 

large qantities from a variety of commercial sources, e.g. Aldrich Chemical Co. or Sigma 
Chemical Co. 

NMR data for (iS", iJj-Noscapine: 

NMR (CDCI3, 300 MHz): 5 6.95 (d. >8. 1 Hz, 1 H). 6.27 (s, 1 H), 6.07 (d, >8.4 Hz, 
1 H), 5.90 (s, 2 H). 5.55 (d, >3.9 H2^ 1 H), 4.37 (d, >4.2 Hz, IH), 4.06 (s, 3 H), 4.00 (s, 
3 H), 3.83 (s, 3 H), 2.60 (m. 1 H), 2.52 (s, 3 H), 2.38-2.27 (m, 2 H), 1.94-1.87 (m, 1 H). 
"CNMR(CDCl3, 75.5 MHz): 6 168.0, 152.1, 148.3, 147.5, 140.9, 140.3, 133.9, 131.9, 
120, 118.0, 117.6, 116.9, 102.2, 100.7, 81.7, 62.1, 60.7, 59.3, 56.7, 49.9, 46.2, 27.9. 



10 



EXAMPLES 




NaBH4 



BF3-Et20 




The synthesis of borane-C^, iy-noscajrine comply (2): 

1^ (S, /y-Noscapine 1 (830mg, 2.0 mmol, 1.0 equiv.) was dissolved m 10 mL 

of BF3-rEt20. This solution was dropped slowly at 0° to a solution of NaBH4 (150 mg, 4.0 
mmol, 2.0 equrv.) in 14 mL dry THF and stirred at 0° for 1 h under Nj. Thenrtwas 
refiuxed for 2 L After cooling to room tanp, the solution was poured into ice water and 
extracted with CHCI3 (70 mL x 2). The organic phase was washed with biine, dried with 

20 MgS04 and concentrated. The resulting oil was purified by flash chromatography (Si02, 3 
X 15 cm, 50% EtOAc in hexane) to give 2 as a white solid (444 mg, 52%). TLC (silica 
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15 

gd, 65% EtOAc inhsjfflne. R/s=0.75); 'HNMR (CDCI3. 300 MHz): 5 7.41 (d, 7=8.1 Hz, 
1 H). 7.31 (d, ^8.1 Hz, 1 H), 6.83 (s, 1 H), 6.33 (s, 1 H), 5.81 (dd, ^12.9 Hz, 0.9 Hz, 2 
H), 4.54 (s, 1 H), 3.99 (s, 3 H), 3.92 (s. 3 H), 3.73 (m, 1 H). 3.20 (s, 3 H), 3.15 (m, 2 H), 
2.93 (m, 1 H), 2.61 (s, 3H). 

EXAMPLES 




MeO 



BFs-EtaO 0 




MeO 



n 

CH3 1 




MeO 



MeO OMe 



MeO OMe 



MeO 



H4. 



OMe 



10 1 2 3 

Compound 3 and 4 were prepared by literature method Prior, S.; Wiegrebe, W. Arck 
Pharm. 1983, 316, 737.: 

The synthesis of l,3-dihydro-4,5-dimethoxy-l-[l-(8-methoxy-2-methyl-6,7- 
15 methylenedio)q^-l,2,3,4-tetrahydroisoqiiinolinyl)] isobenzofuran-BHs (3): 

(5',.?^-Noscapine (830 mg, 2.0 mmol, 1.0 equiv.) was dissolved in 10 mL of 
BF3-Et20. This sohition was dropped slowly at CC to a sohition of NaBH* (150 mg, 4.0 
mmpl, 2.0 equiv.) in 18 mL dry THF and stiired at 0°C for 1 h under Nj. Then it was 
refiuxed for 4 h. After cooling to room tanp, the sohition was poured into ice water and 
20 extracted with CHCI3 (70 mL x 2). The organic phase was washed with brine, dried with 
1^804 and concentrated. The resulting oil was purified by flash chromatography (Si02, 3 
X 15 cm, 50% EtOAc inhexane) to give 3 as a white soHd (686 mg, 83%). TLC (siUca 
gel, 50% EtOAc in hexane, R^0.80); IR (CH2CI2, NaCl, cm ■') 2371 (s), 1616 (w). 
NMR (CDCI3, 300 MHz): 5 7.15 (d, >8.4Hz, 1 H), 6.93 (d, 7=8.1 Hz, 1 H), 6.57 (hr s. 
25 1 H), 6.33 (s, 1 H). 5.79 (AB, 7=1.5 Hz, 1 H), 5.74 (AB, 7=1.5 Hz, 1 H), 4.81 (d, 7=12.0 
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Hz. 1 H), 4.34 (s, 1 H). 4.07 (dd, J=12.3 Hz, 2.7 Hz. 1 H), 3.85 (s. 3 H), 3.71 (s, 3 H), 
3.16 (s, 3 H), 3.05-2.81 (m, 4 H), 2.53 (s, 3 H). HRMS (FAB) Calcd for CajHagBLiNOj 
(M+Li)*: 420.2170, Found 420.2173. 

The synthesis of l,3-dil]ydro-4,5-dimethoxy-l-[l-(8-methoxy-2-methyl- 

5 6,7-metbylenedio7iy- 1 ,2,3 ,4-tetrahydrokoqumolinyl)]isobenzofiiran (4); 

Compound 3 (450 mg, 1. 10 mmol) was refiuxed in 15 mL of 20% aqueous KOH sohition 
for 2 h. The reaction mixture was cooled to room temp, neutralized with 2 N HCl to 
PH»7 and extracted with CHCI3. The organic phase was washed with biine, dried with 
MgS04 and concentrated. Compound 4 was crystallized from EtaO (220 mg, 50%). 

10 NMR (CDCI3. 300 MHz): delta 6.72 (d. .^=8.4 Hz. 1 H), 6.32 (s, 2 H), 5.88 (m, 2 H), 
5.63 (br s, 1 H). 5.02 (br s, 2 H), 4.40 (br s, IH), 3.82 (s, 3 H), 3.81 (s, 3 H), 3.75 (s, 3 
H), 3.14 (br s, 1 H), 2.64 (br s, 3 H),2.60-2.43 (m, 3H). 

EXAMPLE 4 

15 




1 



The synthesis of confound 5: 

(iS'.jy-Noscapine (826 mg, 2.0 mmol, 1 .0 equiv.) was dissolved in 25 mL of 
20 CH2CI2. This solution was added dropwise to a 1.0 M solution of borane trichloride in 
CHjCIz (8.0 mL, 8.0 mmol, 4.0 equiv.) at -78 =*C. After 5 h, the reaction was quenced 
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with saturated aqueous NaHCOS (10 mL) and wanned to room temp. The reaction 
mixture was extracted with EtOAc (50 mL x 3), the combined organic phases were 
washed with brine (40 mL), dried with MgS04 and concentrated. 

The obtained white solid was dissolved in acetone (50 mL) and H2O (25 

5 mL). This solution was treated with barium carbonate (1.55 g, 7.84 mmol) and refluxed 
forSL After cooiing to room temp, the reaction mixture was filtered. The filtrate was 
treated with 1 NHCl until PH=2, then extracted with EtOAc (50 mLx 3). Thecombined 
extracts were washed with brine, dried over MgS04 and concentrated. Crystallization 
(CH2Cl2-Et20) was performed for the resulting oflF-white solid to give 5 as a silver gray 

10 soUd (340 mg, 43%). IR (CH2CI2, NaCl, cm"') 343 1 (s), 1767 (s). NMR (CDCI3, 300 
MHz): 5 7.57 (br s, 1 H), 7.27 (br s, IH), 6.57 (br s, 1 H), 6.33 (s, 1 H), 5.82 (s, 1 H), 
5.78 (s, IH), 5.11 (br s, 1 H), 4.08 (br s, 1 H), 3.94 (s, 3 H), 3.87 (s, 3 H), 3.33 (m, 1 H), 
3.20(s,3H),3.00(m,lH),2.82(m,2H). ''C NMR (CDCI3, 75.5 MHz): 5 166.3, 
152.4, 150,1, 147.3, 139.8, 138.9, 133.4, 126.2, 119.3, 118.8, 116.9, 106.7, 102.3, 100.9, 

15 78.5, 61.9, 58.2, 56.8, 45.2, 39.9, 21.4. 

EXAMPLES 




6 

20 Ferric citrate (10.5 g) was dissolved in 200 mL of H2O. Citric acid was added to make pH 
= 2. This solution was added to noscapme N-oxide HCI salt (6.0 g)[Uhrin, D. et al,. 
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Collect Czech. Chem. Commun. 54:498(1989)] and the mixture was heated to 85*C for 3 
h. After cooling to room temp, the solution was treated with saturated Na2C03 sohation 
until pH = 9 and detracted with CHCI3 (200 mL x 4). The combined organic phases were 
washed with brine, dried with anhydrous MgS04 and concentrated. The resulting oil was 

5 purified by flash chromatography (SiO^ 3 x 25 cm, 75% EtOAc in hexane) to give 6 as a 
yellow oil (793 mg, 15%). TLC (silica gel, 75% EtOAc in hexane, Rf «=0.25); IR (CEfcClj, 
NaCl, cm-*) 3370 (w), 1758 (s); *H NMR {CDOa, 300 MHz): ): 5 6.92 (d, J = 8. 1 Hz, 1 
H), 6.29 (s, 1 H), 5.93-5.91 (m, 3 H), 5.87 (d, J = 3.9 Hz, 1 H). 4.80 (d, J = 3.9 Hz, 1 H), 
4.04 (8,3 H), 4.02 (s, 3 H), 3.80 (s, 3 H). 2.59-2.55 (m, 1 H), 2.50-2.38 (m, 1 H), 2.30- 

10 2.22 (m, 1 H), 2.15-2.07 (m, 1 H). 1.96 (br s, 1 H). "CNMR(CDCl3, 75.5 MHz): ): 5 
168.4, 152.1, 148.3, 147.8, 141.0, 140.3, 134.1. 131.9, 119.5, 118.4, 117.5, 116.9, 103.1, 
100.7, 80.6, 62.2, 59.4, 56.6. 52.7, 39.5, 29.6. HRMS (FAB) Calcd for C21H2, LiNO, (M 
+ li)*: 406.1478. Found 406.1477. Anal. Calcd. for Ca H21 NO,: C, 63.15; H, 5.30; N, 
3.51. Found: C, 63.35; H, 5.45; N, 3.42. 

15 

EXAMPLE 6 




6 7 

20 To an ETOH (15 mL) solution of amine 6 (160 mg, 0.40 mmol, 1.0 equiv.) 

was added 30 mL of NaaB407 (1.14 g) buffer and NBD-CL (80 mg, 0.4 mmol, 1.0 equiv.). 
The reaction nobcture was stirred at room temp for 15 h. Evaporation of ETOH left a dark 
orange slurry which was extracted with CHCI3 (70 mL x 2). The combined organic phases 
were washed with brine, dried with MgS04 and concentrated. The resulting green oil was 
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purified by flash chromatography (SiOj, 3 x 1 5 cm, 65 % EtOAc m hexane) to give an 
orange solid which was reciystallized from CH2CI2 and hexane to give 7 as an orange 
crystal (108 mg, 48%). TLC (siUca gel, 65% EtOAc m hexane, Rf =0.65); mp= 194-195" 
C (CH2a2/hexane); IR (CH2CI2, NaCl, cm'') 1765 (s). 1616 (m), 1540 (s), 1500 (s), 1287 

5 (s), 1261 (m). 'H NMR (CDCI3, 300 MHz): ): 5 8.53 (d, J = 9.0 Hz, 1 H), 7.41 (br d, J = 
7.8 Hz, 1 H). 7.29 (d, J - 8.4 Hz, 1 H), 7.00 (br s, 1 H). 6.48 (d, J - 2.7 Hz, 1 H), 6.44 (s, 
1 H), 6.04 (d, J = 2.7 Hz, 1 H). 5.90 (d, J - 7.5 Hz, 2 H), 4.02 (s, 3 H). 3.95 (s, 3 H), 3.81 
(m, 1 H), 3.76 (8, 3 H), 3.70-3.50 (m, 2 H). 3.02-2.93 (m, 1 H). "C NMR (CDCI3, 75.5 
MHz):): 6 166.7, 152.8, 149.6, 147.9, 145.1, 145.0, 144.7. 139.5. 138.7, 135.3, 133.7, 

10 130.4, 123.7, 119.0, 118.7, 118.1. 113.4. 102.9. 102.4, 100.9, 81.9, 62.2, 59.1, 58.1, 
56.8, 46.5, 27.8. HRMS (FAB) Calcd for C27H22LiN40,o (M +Li)+: 569.1496, Found 
569.1472. Anal. Calcd. for C27H22N4O10: C, 57.65; H. 3.91; N, 9.96. Found: C, 57.85; H, 
4.04; N, 9.81. 

15 EXAMPLE? 




6 8 



A CH3CN (2 mL) sohition of glycidyl isopropyl ether (50 \iL, 0.40 mmol, 
1.0 equiv.) was treated with anhydrous LiC104 salt (43 mg, 0.40 mmol, 1.0 equiv.) and 
stirred for about 10 min. until a clear solution was observed. This solution was treated 
with an CH^CN (3 mL) sohition of compound 6 (160 mg, 0.40 mmol, 1.0 equiv.) at room 
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temp. The mixture was refhixed for 24 h, cooled to room temp., washed with HjO and 
extracted with EtjO (40 mL x 3). The combined organic phases were washed with brine, 
dried with MgS04 and concentrated. The resulting orange oil was purified by flash 
chromatography (SiOj, 2 x 15 cm, 50% EtOAc in hexane) to give 8 as a yeUow oil which 
5 is a mixture of the two diasteoromers (1 : 1 ratio, 172 mg, 83%). TLC (silica gel, 50% 
EtOAc in hexane, Rf-0.50); IR (CHjClj, NaCl, cm-») 3450 (m), 1761 (s), 1498 (m), 
1478(m). 'H NMR (CDCls, 300 MHz): ): 8 6.96 (d, J - 8.4 Hz, 2 H), 6.30 (s, 2 H). 6.24 
(t, J = 8.4 Hz, 2 H), 5.90 (s, 4 H), 5.73 (d, J = 4.5 Hz. 1 H), 5.67 (d. J =-4.2 Hz. 1 H), 
4.47 (d. J = 4.2 Hz, 1 H), 4.42 (d, J = 4.5 Hz, 1 H), 4.06 (s, 3 H), 4.05 (S. 3 H), 3.97 (s, 3 

10 H), 3.96 (s, 3H). 3.82 (s. 6 H), 3.56 (d of sept, J = 6.0 Hz. 2 H). 3.41 (m, 4 H), 3.0 (br s, 
2 H), 2.74-2.00 (m, 14 H), 1.1 2 (t, J= 5.7 Hz, 12 H). "C NMR (CDCI3, 75.5 MHz): ): 6 
167.9. 167.8, 152.2 (2 C), 148.5 (2 C), 148.1 (2 C). 141.2. 141.0, 140.5. 140.4. 133.8, 
133.7. 130.9. 130.5, 119.3, 119.0, 118.4 (2 C), 117.5 (2 C). 116.3, 115.8, 102.7. 102.6, 
100.7, 100.6, 80.8. 80.1, 71.9, 71.8, 70.4, 70.1. 68.0. 67.8, 62.3. 62.2, 60.5 (2 C), 59.4, 

15 59.2, 58.6, 58.5, 56.7 (2 C), 46.2, 44.7, 24.8, 24.3, 22.0 (2 C), 21.9 (2 C). AnaL 
Calcd. for C27H33NO9: C, 62.90; H, 6.45; N,2.72. Found: C, 62.97; H, 6.45; N, 2.64. 



EXAMPLE 8 




O O CH3CN 

-4- (66%) 




MeO OMe 



20 



An CH3CN (2 mL) sohition of 1,2-epoxybutane (1 14 ^L, 1.32 mmnl 3.3 
equiv) m a sealed tube was treated with anhydrous UCIO4 salt (43 mg, 0.40 mmol. 1.0 
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equiv) and stirred for 10 mk until a dear solution was observed. This solution was treated 
with an CH3CN (3 mL) solution of compound 6 (160 mg, 0.40 mmol, 1.0 equiv) at room 
tanp. The mixture was heated at IIS^C for 10 h, cooled to room temp, washed with HjO 
and extracted with Et20 (50 mL x 3). The combined organic phases were washed with 

5 brine, dried with MgS04 and concentrated. The resulting ydlow oil was purified by flash 
chromatography (SiOj, 2 x 15 cm, 65% EtOAc in hexane) to give 9 as a light yellow oil 
whidi is a mixture of the two diasteoromers (1:1 ratio, 125 mg, 66%). TLC (silica gel, 
65% EtOAc in hexane, Rf = 0.60); IR (CH2a2, NACl, cm"*) 3523 (s), 1758(s), 1622 (m). ' 
H NMR (CDCI3, 300 MHz): ): 5 6.99 (d, J = 8.1 Hz, 2 H), 6.3 1 (s, 1 H), 6.30 (s, 1 H), 

10 6.26 (d, J = 8.4 Hz, 1 H), 6.25 (d, J =8.4 Hz, 1 H), 5.90 (s, 4 H). 5.79 (d. J = 4.5 Hz, 1 
H), 5.68 (d, J = 3.9 Hz, 1 H), 4.48 (d, J = 3.9 Hz, 1 H), 4.40 (d. J = 4.5 Hz, 1 H). 4.07 (s. 
3 H). 4.06 (s, 3 H), 3.98 (s, 6 H), 3.83 (s, 6 H), 3.66-3.53 (m, 2 H), 3.20 (br s, 2 H). 2.68- 
2.38 (m, 8 H), 2.23-2.10 (m, 4 H). 1.42 (m. 4 H), 0.95 (t. J = 6.9 Hz, 3 H), 0.93 (t, J = 7.2 
Hz, 3 H). "CNMR (CDQa, 75.5 MHz): ): 5 168.0, 167.7, 152.3, 152.2, 148.6 (2 C), 

15 148.2, 148.1, 141.2, 140.9, 140.6, 140.3. 133.9, 133.7, 130.9. 130.1, 119.3, 118.8, 118.5 
(2 C), 117.4 (2 C). 116.4, 115.4, 102.8, 102.5, 100.7. 100.6, 81.1, 79.6, 68.9, 68.7, 62.5. 
62.3. 62.2, 61.3, 61.2, 59.3, 59.2, 57.5, 56.7 (2 C), 46.4, 44.0, 27.5, 27.1, 25.1, 23.7, 
10.0, 9.8. Anal. Calcd. for CjsHjjNOs: C, 63.68; H, 6.20; N, 2.97. Found: C, 63.68; H, 
6.1 8; N. 2.90. 

20 

EXAMPLE 9 

Noscapine Arrests Hda and Thymocyte cells at M PVia.<ift 

Hela cells were grown in DMHsd supplemented with 1 0% fetal calf serum, 
1 mM L-glutamine and 1% penicillin/streptomydn. The tumor cell line E.G7-0VA (H.-2*) 

25 [Moore, M.W., et aL, Cell 54,777 (1988)] was grown in KPMI 1640 with 10% fetal calf 
serum, 1% sodium pyruvate, 1 mM L-glutamine, 0.1% gentanqrdn, 50 |iM P- 
mercaptoethanol. Cells were grown at 37°C in a 5% CO2 atmosphere. Cell viability was 
assessed by trypan blue exclusion analysis. Cell numbers were determined using a 
hemacytometer. C57BL/6 (H-2'') mice, 8 to 12 wedcs of age, were obtained from Harian 

30 Sprague Dawley, Inc. (Indiananapolis, IN). Mice were maintained on standard laboratory 
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chow and water ad libitum in a temperature and light controlled environment. For 
immunofluorescence, both Hela and thymocyte cells were treated identically except the 
Hela cells were grown onto glass coverslips while EL4 thymocytes were put on glass 
coverslips after fixation. Cells in 10 ml medium were incubated with 2 (il DMSO or 20 

5 Noscapme (2|xl 0.1 M DMSO sohtion) respectively. After 24 hr, cells were fixed 
with cold (-20°C) methanol for 5 min., then rehydrated by PBS for 1 mm. Nonspedfic 
sites were blocked by incubating with 200 |il of 1% bovine serum albumm (BSA) in 
phosphate buffered saline (PBS) at 37°C for 15 mmutes. A mouse monoclonal antibody 
against a-tubulin was diluted 1:200 in PBS containing 1% BSA and incubated (200^1) 

10 with the covershps at 37°for 1 hr. Then cells were washed with 1% BSA-PBS solution for 
1 0 min. at room temperature before mcubatmg with a 1 :200 dilution of a rhodamine 
labeled goat anti-mouse IgG antibody at room temperature for 45 mm., then the covershps 
were rinsed by 1% BSA/PBS sohition for 10 min. and labeled by DAPI (4\ 6-diamino-2- 
phenyhudole) for another 10 min. at room temperature. The covershps containing the cells 

15 were then mounted with a sohition containmg 0.01% 1,4-diazobicyclo (2,2,2) octane. 
Cells were cammed with a fluorescence nucroscope. The flow cytometric evaluation of 
the cell cycle status was performed according to a modification of as described in Empey, 
D.W., et al., Eur. J. CUn. Pharmacol 16, 393 (1979). Briefly, untreated or noscapine- 
treated cells were centrifiiged, washed twice with ice-cold PBS, and fixed in 70% ethanol. 

20 Tubes containing the cell pellets were stored at -20°C for at least 24 hr. Following this, 
the cells were centrifiiged at 1000 x g for 10 min. and supernatant was discarded. The 
pellets were resuspended in 30 fil phosphate-citrate buffer at room temperature for 30 min. 
Cells were then washed with 5 ml PBS and incubated with propidium iodide and KNase 
(20mg/ml PI and 20 mg/ml RNase A in PBS) for 30 min. The samples were read on a 

25 cytometer. 

Results show that by immunofluorescence, with an antibody specific for 
alpha-tubulin, that after treatment with noscapine, microtubule anrays are arrested in M 
phase in Hela and thermocyte cells. Flow cytometric analysis of DNA content showed 
consistent results. 
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EXAMPLE 10 

Noscapine Initiates Apoptosis 

Oligonucleosomal fragmentation of genomic DNA was detennined 
according to Walton, M.I. et. al., Cancer. Res. 53, 1853 (1993). An aliquot of 3,3 x 10^ 
5 cells in 1 0 ml medium was incubated with 20 |liM Noscapine (2\iOAM DMSO solution) 
for different time periods ranging from 0 to 24 hr. At the end of mcubation, cells were 
pelleted and washed twice with ice-cold PBS, and lysed in 250 |il 1% (v/v) NP-40 
detergent containing 0.5 mg/ml proteinase K in PBS solution on ice for 60 min. Samples 
were centriftiged, and the supematants w«^ removed and incubated with 5 pi 1 0 mg/ml 

1 0 Rnase A at 37=*C for 40 min. An aliquot of 1 ml anhydrous ethanol was added, tubes were 
placed at -20°C for 20 min., then centrifiiged to pellet DNA. After the samples were dry, 
the same amount of DNA (1 0 |ig) was electrophoresed at 80V for 3 hr. through a 2% 
agarose gel containing ethidium bromide in TAE bufifer. DNA bands were visualized 
under HV light. A 123 bp DNA ladder was used as molecular aze marker. 

15 Morphological changes in the nuclear chromatin of cells undergoing 

apoptosis wM-e detected by staining with 4\ 6-diamidino-2-phenylindole (DAPI). In brief, 
0.5 X 1 0^ to 3 X 10** cells were fixed with 4% glutaraledehyde, 0.2% Triton x-100, in PBS 
and incubated at room temperature for 10 min., then centriftiged at 1000 x g for 10 min., 
resuspended in 20 pi 0.1% DAPI ethanol. Following 15 min. incubation at room 

20 temperature, a 10 m1 aliquot was placed on a glass slide, and 400 cells per sUde were 

scored for the mcidence of apoptotic chromatin changes with a fluorescence microscope. 
A TdT-Mediated dUTP nick end labeling assay is used according to Gorczyca, W. et aL, 
Cancer Res. 51 1945 (1993) and Gavrieli, Y. et al., J. Cell Bio. 119, 493 (1992). An 
aliquot of 2 x 10^ cells in 10 ml medium were respectively incubated with 2 \A DMSO and 

25 20 mM noscapine (2 pi 0. 1 M DMSO sohition) for 24 hr. Cells were pelleted and washed 
with ice-cold PBS twice, lymphocyte cells were fixed m 4% paraformaldehyde in PBS and 
air dried. The slides were rinsed with PBS and incubated with blocking solution (0.3% 
H2O2 in methanol) for 30 min. at room temperature. The slides were rinsed with PBS 
again and incubated in permeability solution (0.1% Triton x-lOO in 0.1% sodium citrate) 

30 on ice for 2 min. Then the slides were washed twice with PBS, then 50 |il nick end 
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labeling assay reaction mixture was added on samples and the slides were incubated in a 
himddified chamber for 60 min. at ST'^C. After the slides were rinsed with PBS, 50 ^il 
converter-POD solution was added on samples and incubated for 30 min. at 37°C. The 
slides were rinsed with PBS for 3 times, then 60 |j1 DAB substrate solution was added on 
the samples, and the slides were incubated at room temperature for 1 0 min. After the 
slides were rinsed with PBS for another 3 times, coverslips were mounted and analyzed 
with a light microscope. 

Results show progressive DNA degradation with increasing time of 
noscapine treatment, as measured by gel dectrophoresis of fragmented genomic DNA, or 
by staining of treated cells. 

EXAMPLE 11 
TnViihitin n of Tumor Growth by Noscapine 

C57BL/6 mice were injected subcutaneousiy in the right flank with 2 x 10^ 
E.G7-0VA cells. Three days later, mice were injected intraperitoneally, every day for 
three weeks, dther with 200 jjI salme (n=10), or with 3mg noscapine dissolved m 200 ^l 
saline (n=10),. Third group of mice (n=10) was fed 3 mg noscapine via intragastric (i.g.) 
intubation usmg a 1 ml syringe fitted with a 20 gauge stainless steel ball point needle. 
After three weeks, all mice were sacrificed by cervical dislocation. Tumors were removed 
and weighted. Tumor weights were individually plotted and comparisons between control 
and treatment groups were analyzed by the Student's t test. Statistical differences were 
considered significant if p values were less than 0.01 . Results showed that mice treated 
with noscapine had significantiy reduced tumor weight. 

EXAMPLE 12 

Noscapine Causes Apoptosis in Solid Lvmphnid Tumors Induced in Mice 

Microscopic exaicdnation of Haemotoxline and Eosine stained cells showed 
many cells in noscapine treated mice with apoptotic morphologies. 



EXAMPLE 13 
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Noscapine Induces Conformati onfll Change Upon Bindinp Tuhnlin and Promotes 
Microtube Assembly 

Phosphocellulose puii&ed bovine brain tubiilin was employed throughout 
these biophysical experiments. Fluorescence titration for determining binding constants 

5 was performed according to Peyrot, V. et al., Biochemistry 31, U 125 (1992). In biie^ at 
room temperature, 2mM tubulin in lOOmMPIPES, 2mMEGTA, 1 mMMgCbwas 
excited at 278 nm, and the fluorescence enussion spectra were recorded with bandwidths 2 
nnL The fluorescence emission intensity of noscapine at this excitation wavdength was 
negligible and at the concentration of noscapine used it gave no appreciable inner filter 

10 effect. The concentration of noscapine was raised in increments of 0.5 jiM, imtil the 
decrease in the fluorescence mtensity was saturated. The value of the dissociation 
constant and the number of sites were obtained from Scatchard plots using the equation, 
i/^]&k=d/K^ - r/Kd, where r is the ratio of the concentration of bound ligand to the total 
protein concentration and n is the number of binding sites. Circular dichroism ( CD) 

15 spectra measurements were performed in a spectroscometer, in cells (0. 1 cm path) at 

25**C. Microtubule assembly was recorded on a spectrophotometer with thermocontroler. 
The cuvettes (0.4 cm path) contaimng 100 mM PIPES, 2 mM EGTA, 1 mM MgCb and 1 
mM GTP (G-PEM buffer), and 20 \jM noscapine/DMSO were kept at room temperature 
before addition of tubxilin and shifting to 3TC. Tubulin and noscapme in G-PEM buffer 

20 did not show any detectable absorption at 350 mn. The assembly was monitored by 
measuring the changes m turbidity at 0.5 min. intervals. Noscapine was dissolved in 
DMSO at 0.8 mM and stocked at 4'*C. The final concentration of DMSO was 2.5%. 

Results show that noscapine affords fluorescence quenching of tubulin. 
Scatchard plot analysis showed an apparent dissociation constant (Kd) of ' 1.86 ±0.34 x 10' 

25 ^ M and a stoichiometry of 0.95 ± 0.02 noscapine molecule per complex of tubulin subunit. 
There is also saturation of the noscapine induced quenching in tubulin fluorescence 
intensity. Noscapine promotes tubulin assembly, as measured by increased absorbance at 
350 nm of tubulin when treated with noscapine. 



30 
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Tnitifttinn nf ^poptosis by Noscapine and derivativfts 

Morphological changes in the nuclear chromatin of HL-60 cells undergoing 
^optosis were detected by staining with 4', 6-diamidmo-2-phMiylindole (DAPI). In brie^ 
0.5 X 10* to 3 X 10' cells were fixed with 4% ghitaraledehyde, 0.2% Triton x-100, in PBS 
5 and mcubated at room temperature for 10 min., then centrifiiged at 1000 x g for 10 min., 
resuspemded in 20 \il 0.1% DAPI ethanol. Following 15 mm. incubation at room 
temperature, at 10 ^1 aliquot was placed on a glass slide, and 400 cells per slide were 
scored for the incidence of apoptotic chromatin changes with a fluorescence microscope. 

Results show that noscapine, compound 3 and compound 4 initiate 

10 apoptosis. 

Compound* AnOPtic Cell Percentnp jft 

Noscapine, 20 jiM in DMSO 30, 17f 

3, 20 pm in DMSO 37^ 28 

4, 20 nM in DMSO 48,32 

Noscapine, 50 nM in DMSO 27 

3, 50 mM in DMSO 39 

4, 50 pM in DMSO 52 

* AU compounds were incubated witii HL-6D cells at tiie indicated final concentrations 
for 24 hours. 

t Two trials were conducted at 20 pM, tiie result for each trial is shown. 

15 

"While the foregomg spedfication teaches the principles of the presem 
invention, witii exanq)les provided for the purpose of illustration, it will be understood tiiat 
the practice of the invention encompasses all of the usual variations, adaptations, 
modifications or deletions as come witinn tiie scope of the following claims and its 
20 equivalents. 
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WHAT IS CLAIMED IS: 

1 . A phannaceutical composition comprising a compound of the 

fotmula 




wherein: A is 



10 



Ci) (CH2)-N -C(0)0-C,^ alkyl; and W is Cw alkyl; 
W 



15 



Oi) (CH2) 2-N - and forms a six membered ring 
Y 

with B, said ling containing one nitrogen; 



20 



25 



Yis 

(a) 
(b) 

(c) 



Ci^ alkyl, or H; 
C(0)-Ci^ alkyl; 

CHiCH-CHrZ, wheran Z is Cm alkyl or 0-C w alkyl; 



OH 
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(d) aiyl; or 

(e) heterocycle; 

B is a single bond, OH or halo; 

Cis-OH, or forms a 5-membered lactone or lactam ring ^thD; and 
Dis: 

(i) -OH, -CHz-halo, -CH(0)-, -COOH, -C(0)-O.Ci^ alkyl, -(CHaV, 
-CHOH-, wherein n is an integer and is 1,2, or 3; or 

(ii) forms a 5-membered lactone or lactam ring with D; 

E is -H or - CH3; and 
Fis -OHor-OCHs, 

or pharmaceutically acceptable salts thereof; and a pharmaceuticaUy acceptable carrier, 
said composition usefiii in the treatment of neoplastic diseases, 
with the proviso that the formula excbdes noscapine of the structure 




H3CO 



OCH3 



2. 



The composition of claim 1, wherein tiiie compound is : 
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H3CO 



OCH3 



or phannaceutically acceptable salt thereof. 

3 . A method for the treatment of neoplastic diseases, comprising 
5 administering to a mamma] in need of such treatment an efifective amotmt of a composition 
comprising a compound of the formula 




10 wherrin:Ais 



15 



0) (CH2>N -C(0)O.Cw alkyl; and W is Ci^ alkyl; 
W 



(ii) (CH2)2-N - and forms a six membered ring 
Y 
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with B, said ring containing one nitrogen; 



Yis 



5 



(a) 
(b) 



CMalkyl,orH; 
C(0)-Ci^alkyl; 



CH2(j:H-CH2-Z, wherein Z is Ci^ alkyl or 0-Ci^ alkyl; 
OH 



10 



aryl; or 



(e) heterocycle; 
B is a single bond, OH or halo; 
15 C is - OH, -CH2- or forms a 5-membered lactone or lactam ring with D; and 

Dis: 

(i) -OH, .CH2"halo, -CH(OK -COOK, -C(0>0-C,.6 alkyl, .(CH2V, 
-CHOH-, wherein n is an integer and is 1,2, or 3; or 
20 (ii) forms a 5-membered lactone or lactam ring with D; 

E is -H or - CH3; and 
F is -OH or - OCH3, 

or pharmaceutically acceptable salts thereof and a pharmaceutically acc^table carrier, 
25 said composition useful in the treatment of neoplastic diseases, 

with the proviso that the formula exdudes noscapine of the structure 
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or phaimaceutically acceptable salts thereof. 



INTERNATIONAL SEARCH REPORT 



International appiicatioB Ko. 
PCT/US9S/14979 



A CLASSIFICATION OF SUBJECT MATTER 

IPC(6} :A01N 43/40. 43/42; C07D 4S5/D4 

US CL :S 14/321. 320; 546/80 
Aoeoriing tp International Patent Ctasaifioation QPC) or to both national ciassification and IPC 

R FIELDS SEARCHED ^ 

Minimum documentation searched (olassifieation system fbUowed by olassifieation symbols) 

U.S. : 514/321, 320; 546/80 

Documentation searched other than minimnm documentation to tiie extent that such documents are induded in the fields searched 
NONE 

Eleetiome data base consulted during the international search (name of data base and, where practicable, search terms used) 

HCAPLUS, REGISTRY. USPATFULL. IFIPAT. HCAOLD strue&ire search with the following terms: harish. kapp. emor 
(?neopla87 or 7nimor7 or ?nimour? or ?malign7) neoplas? 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with mdioation, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



Database HCAPLUS on STN, No. 1983:576115, (Inst. Pharm.. 
Univ. Regensburg, Germany) Prior et al., "Borane adducts of 
narcotine, hydrastine and their reduction products", Arch. Pharm, 
316(9), pp. 737-746, 1983. 



1 

1-2 



I I Fnrther documents are listed in the continuation of Box C. Q See patent family annex. 



* speeial ettegoriei of eitad doeumenti: 

"A' doeumenl defiaiog the ganeni tUte of the ut which ii not coneidered 

to be of piftieulir relavenee 

■P evHn- document published on or efler the ioteraBtional filing dale 

•L' doeunem whieh may threw doubu on priority olaim(t) or which is 

cited to eitabliih the publieetion date pf anolher eiution or other 
ipeeial reaaon (m ipeeirwd) 

"O' doeument fafefrins to «n oral diiebiure. uae, exhibition or ether 

neani 

mestpdhliehed prior lo the inlematianal Hling date but later than 



later document publiihed after the, intematiooat fliiog date or priority 
date and not in eonfliet with the applieation but oitad to uodeiatand 
the principle or Iheeiy undeiiying the invention 

document of partieular relevance; the claimed ioveotion eannot be 
Goniidered novel or cannot be conitdersd to involve en inventive atep 
when the documeni ia taken alone 

documeni of particular relevance; the elaimed invention cannot be 
eonaidercd to invoWe an inventive atep when the document ii 
combined with one or more other etieh draimenti, such c 
being obvioui to a penon ikilled ni die art 

doeument member of the aame patent family 



Date of tiie actual completion of tiie international search 
09 NOVEMBER 1998 


Date of mailing of the intsiuational search report 

17 DEC 199B 


Name and mailing address of the ISA/US 
Commissiotter of Patenta and'Tndenuiiu 
BoxPCT 

Waduttglott. D.C 20231 
Facsimile No. (703) 305-3230 


Authorized officer >^ / 

DWAYNE C^ONeT '^^tfL^ 
Telephone No. (703) 308-1235 



Fonn PCT/lSA/210 (second sheetXJuly 1992)w 



